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INTRODUCTION

S100, so named because of its 100% solubility in ammonium
sulfate at neutral pH (Donato, 2003; Barry and Crnogorac-Jurcevic,
2009), is a highly acidic and water soluble calcium-binding protein
of low molecular weight (Glenney et al., 1989) with at least 26
members (Barry and Crnogorac-Jurcevic, 2009). S100 has been
implicated in many intracellular and extracellular processes both in
healthy and diseased tissues (Donato, 2003).

Immunoreactivity to S100 in the lungs has been reported in
healthy humans (Gallego et al., 1996, Chatkin et al., 2005;
Diamantea et al., 2007), diseased porcine species (Sarradell et al.,
2003; Fries, et al., 2005), and diseased and normal murines
(Iwanaga et al., 1982; Thomas et al., 2000; Tirkos et al., 2006; Vogl
et al., 2007; Bulk et al., 2009;) and bovines (Glenney et al., 1989;
Fligger et al., 1999). However on Philippine swamp buffaloes, it has
not been studied. Apart from the study of Estacio et al. (1999) on
gross and microscopic appearance and Maala and Claveria (1990)
on the weight and measurements of the lung, the carabao lungs
have not been extensively studied. This study was carried out to

determine the presence of S100 in the lung of this native species in
which result will be a useful reference for future studies on the
comparative morphology, function and diagnostics concerning the
lungs of ruminants and other domestic mammals.

Objectives of the Study

General Objective. This study was conducted to identify the
location of S-100 reactive structures in the lung of Philippine
swamp buffalo using immunohistochemistry.

Specific Objectives.
a. To identify the structures in the lung that will react
to S-100;
b. To describe the distribution of S-100 reactive
structures in the lung; and
c. To discuss the role of S-100 in the function of the
lung.

Time and Place of Study

This study was conducted at the Department of Basic
Veterinary Sciences, College of Veterinary Medicine, University of
the Philippines Los Baños from November 2008 to March 2010,
under the supervision of Dr. Grace de Ocampo and Dr. Maria
Amelita Estacio.

REVIEW OF LITERATURE

S100 is a family of acidic calcium-binding protein (Donato
2003) composed of at least 26 members (Barry and CrnogoracJurcevic, 2009). The protein, first isolated in brain tissues (Moore,
1965 as cited by Iwanaga et al., 1982), was initially thought to be
localized exclusively in glial cells (Matus and Mughal, 1975);
however, recent studies have shown its presence in many types of
cells including endothelial cells of arteries of lymph nodes in
bovines and porcine (Sugimura et al., 1990), spleen in Philippine
swamp buffalo (Vitor, 2009), skin of bovine (Oliveira-Sequeira et al.,
2000) and broad ligament in swine (Gawronska et al., 1995); sinus
of lymph nodes in dog, bovine and Japanese serows (Sugimura et
al., 1990); and capillaries of broad ligament in swine; pulmonary
neuroendocrine cells of newborn infants (Gallego et al., 1996);
neurons (Donato, 2003); and gliocytes (Matus and Mughal, 1975)

S100 exhibits a variety of functions including cell growth and
differentiation (Baudier et al., 1995 as cited by Donato, 2003;
Zimmer et al., 1995; Onions et al., 1997 as cited by Donato, 2003;
Heizmann et al., 2002), cytoskeletal formation (Heizmann et al.,

2002; Donato, 2003), regulation of inflammatory response (Thomas
et al., 2000; Donato, 2003; Ryckman et al., 2004; Vogl et al., 2004;
Mooren et al., 2006; Tirkos et al., 2006) and marker for metastatic
cells (Hiratsuka et al., 2006; Hiratsuka et al., 2008; Bulk et al.,
2009).

S100 protein is still continuously being studied as a tumor
biomarker (Donato, 2003; Fries et al., 2005; Ruiz et al., 2005;
Parkkila et al., 2008; Barry and Crnogorac-Jurcevic, 2009) and
inflammatory indicator (Thomas et al., 2000; Vogl et al., 2004;
Tirkos et al., 2006; Mooren et al., 2006) in both human (Ruiz et al.,
2005; Mooren et al., 2006; Sheickh et al., 2007; Barry and
Crnogorac-Jurcevic, 2009; Parkkila et al., 2008) and animal
medicine (Thomas et al., 2000; Vogl et al., 2004; Fries et al., 2005;
Tirkos et al., 2006). It has been extensively experimented on
ultimately to be able to arrive at a more rapid way of diagnosing the
earliest possible stage of cancer (Ruiz et al., 2005) for which a late
stage may eventually lead to lung metastasis, thus an elevated
amount of S100 in the lungs means a possible malignancy
(Hiratsuka et al., 2006).

The lung is the primary organ for respiration and blood
oxygenation (Guyton and Hall, 2006). It contracts and expands
according to the oxygen requirement of the animal species and the
need for expulsion of irritants such as dust and pollens (Ross et al.,
1995) that may be accidentally inhaled by the animal. Aside from
respiration, the lung also acts as a pathogen-clearing organ by
inducing inflammation (Guyton and Hall, 2006). To facilitate
transendothelial migration (Vogl et al., 2004), mediators of
inflammation are being activated by S100 proteins (Thomas et al.,
2000; Vogl et al., 2004; Mooren et al., 2006; Tirkos et al., 2006) for
migration and chemotaxis of neutrophils and monocytes from the
blood stream (Kumar et al., 1998).

One of the most important role of the lungs is blood
oxygenation. Blood coming in and out of body tissues carries
oxygen, essential nutrients, hormones, enzymes the cells need and
metabolic wastes such as carbon dioxide for cleansing (Guyton and
Hall, 2006).

Pulmonary blood vessels are of thinner endothelial lining
compared to the peripheral and systemic vessels (Hughes and
Morrell, 2001) thus, maintenance of its integrity is essential given a

high intravascular pressure exhibited by the heart (Reece, 2004).
With the presence of an S100 protein binding target, nitric oxide,
within the endothelium (Hughes and Morrell, 2001), it is then
implied that S100 protein plays an important role in cytoskeletal
formation of pulmonary endothelial cells and maintenance of
vascular tone.

MATERIALS AND METHODS

The left and right lungs of 10 sexually mature, approximately
5-8 years old (De Ocampo and David, 1993), apparently healthy,
Philippine swamp buffaloes slaughtered in Calamba City were used
in the study.

Immediately after slaughter, lung samples were collected at
the middle portion of both the left and right lobes and fixed in 10%
buffered formalin for 72 hours. Thereafter, the tissues were cut
sagitally, processed routinely using the paraffin technique, cut at 5
μm thickness using an 820 Rotary microtome (America Optical®,
USA), and mounted on ordinary glass slides for Hematoxylin-Eosin
staining to identify the pulmonary structures and on Polysinecoated slides (Dako Laboratories, USA) for immunohistochemistry.

To detect immunoreactivity to S-100, the avidin-biotin
peroxidase complex (ABC) method was used. One slide containing
two tissue sections per lung was deparaffinized and washed with
0.05 M phosphate buffered solution (PBS, pH, 7.6) seven times
every 5 minutes. Tissue sections were then incubated with 20%
normal goat serum (NGS) in PBS for 30 minutes to decrease non-

specific staining under room temperature. They were then
incubated overnight (~15 hours) with polyclonal rabbit anti-S100, at
a dilution of 1:4000 (DakoCytomation, Denmark) in PBS containing
5% NGS at 4˚C as a primary antibody for S100 binding. All
washings and incubations were carried out in an ice bath unless
otherwise specified.

Tissues were then washed with PBS four times every 5
minutes. Next, it was incubated with biotinylated anti-rabbit IgG,
1:200 (Vector Laboratories, Burlingame, California) in PBS
containing 1.5% NGS for 90 minutes. Afterwards, it was
subsequently washed four times in PBS every 5 minutes, incubated
with ABC (Vector Laboratories, Burlingame, California) for 60
minutes and rinsed three times with PBS every 5 minutes. To
visualize S100 immunoreaction, sections were incubated in a
solution

of

imidazole-HCl

buffer

containing

0.05%

3’,5’

diaminobenzidine at room temperature. Immunoreaction was
stopped by washing the sections in PBS three times when
immunoreactive structures turned dark brown against a lighter
background.

Brain sections collected from a pig were used as positive
control (Fig. 1) since S100 reactive structures have been
documented in astrocytes, oligodendrocytes and Schwann cells.
On the other hand, sections of the lung similarly immunostained
omitting the primary antibody were used as negative control (Fig.
2).

The immunostained sections were then dried overnight in a
slide chamber, rehydrated twice by submerging in triple distilled
water for 3 minutes and dehydrated in increasing concentrations of
alcohol (70%, 90%, 100%) at three-minute intervals, cleared for
three minutes in two changes of xylene, mounted with entellan
(Eukitt®, KyaA Darmstadt, Germany) and air-dried overnight.

The tissue sections were examined under the light
microscope

to

identify

S100

immunoreactive

structures.

Photomicrographs of representative sections were taken for
documentation using Olympus® Bx51 camera attachment.

RESULTS AND DISCUSSION
Immunostaining of the lung of the Philippine swamp
buffalo showed immunoreaction of endothelial cells lining the
arteries (Fig. 3), veins (Fig. 4) and arterioles (Fig. 5) to S100 protein
as well as the erythrocytes within blood vessels (Figs. 3-5). S100 in
the vascular endothelial cells can be attributed to features of
angiogenesis through its calcium-binding properties (Heizmann et
al., 2002; Donato, 2003), supported by the report of Tran et al.
(2000) on endothelial cells’ participation in angiogenic processes
controlled by intracellular calcium concentration, and the thinner
endothelial lining of pulmonary vessels (Hughes and Morrell, 2001).
It is therefore presumed that S100 protein contributes to the
propagation and regulation of endothelial cytoskeleton pattern of
blood vessels in the lung. Nitric oxide localized in the pulmonary
vascular cells (Hughes and Morrell, 2001) is a known target site of
S100 protein (Donato, 2003) thus, it can be assumed that S100
protein plays a role in regulating the vascular tone of pulmonary
vessels. The present observation on the localization of S100 in
vascular endothelial cells parallels previous reports that this
substance is present in arterial (Atoji Y and Suzuki Y, 1990;
Sugimura et al., 1990; Gawronska et al., 1995; Marettova et al.,

1998; Oliveira-Sequeira et al., 2000; Maretta and Marettova, 2004;
Vitor, 2009), sinus (Sugimura et al., 1990; Oliveira-Sequeira et al.,
2000) and venous (Oliveira-Sequeira et al., 2000) endothelial cells;
but in contrast to the negative reaction in venous endothelial cells in
other organs in pig (Gawronska et al. 1995). These contrasting
observations confirm earlier reports on discrepancies in distribution
of S100 protein among species (Sugimura et al., 1989; Sugimura et
al., 1990; Oliveira-Sequeira et al., 2000) possibly because of the
numerous members of the S100 family (Barry and CrnogoracJurcevic, 2009), many of which have not been fully elucidated.
The localization of S100 in erythrocytes within blood vessels
in the present study has not been reported in the lung of any
species. Carbonic anhydrase in red blood cells (Reece, 2004;
Guyton and Hall, 2006) is responsible for acid-base balance
(Fleming et al., 1994; Reece, 2004; Guyton and Hall, 2006) hence,
colocalization of S100 protein and carbonic anhydrase in
erythrocytes

might

suggest

that

S100

modulates

carbonic

anhydrase in the buffering activity of the lung. It may also be
implied that S100 protein might be carried by the red blood cells
from secretory sites such as gliocytes (Matus and Mughal, 1975) to
the lung; or the red blood cells are the target sites of the said

protein.
Results further suggest that all the other structures in the
lung of Philippine swamp buffalo do not show S100 protein.
Unfortunately, previous works similar to the present study are
lacking to allow comparison of results. The negative reaction of the
bronchial tree particularly the lining epithelium (Fig. 6) is
comparable to an earlier finding that this protein has not been
detected in the lining cells of the larger airways and has been
attributed to a minor role of the epithelium in the secretion of this
protein (Thomas et al., 2000). Another possible explanation is that
S100 has been expressed mainly in metastatic and inflammatory
cells both of which were not seen in the apparently healthy lung
used in the present study. Although Gawronska et al. (1995) has
reported the detection of S100 in capillary endothelial cells, which
has been attributed to the hormone transport from the circulation to
the tissues, such detection was not observed in the present study
because the capillaries were hardly visible even under the highest
magnification of the light microscope. In previous studies, the
capillaries were examined

under the transmission electron

microscope (Dobbs et al., 2010).

SUMMARY
This study was conducted to identify S100 immunoreactive
structures in the lung of the Philippine swamp buffalo (Bubalus
bubalis carabensis). Immunoreactivity was seen in the endothelial
cells of arteries, veins and arterioles, as well as the erythrocytes.
Localization of S100 in the endothelial linings of blood
vessels of the lung suggests that this protein might be involved in
the function of endothelial cells in regulating angiogenesis and
vascular

tone

in

the

Philippine

swamp

buffalo.

S100

immunoreactivity of the erythrocytes within the lumen, on the other
hand, suggests that S100 regulates the buffering activity of the
lung, that the erythrocytes are the carriers of the said protein from
the secretory sites to the lung, or that the erythrocytes are the
target sites of S100.
The absence of S100 immunoreactivity on all other
structures of the lung of the Philippine swamp buffalo in contrast to
previous findings, supports the views of other authors on the
diverse locations and functions of S100.
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